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Temporal profile of serum-induced S-phase entry and retino- total protein content in cultured skin fibroblasts in IDDM
blastoma protein phosphorylation in human skin fibroblasts. patients with nephropathy are indicative of a hyperplastic
Cultured skin fibroblasts from type 1 diabetic patients with growth phenotype [1]. This hyperplastic growth pheno-nephropathy have a hyperplastic growth phenotype in compari-
type is manifested in cultured skin fibroblasts from IDDMson with diabetics without nephropathy and controls. We stud-
patients in whom overt nephropathy had developed asied the G1 phase cyclins in skin fibroblasts from control subjects
to define the temporal profile of serum-induced pRB phosphor- compared with those without nephropathy.
ylation, cyclin D1 protein expression, and cyclin D1/CDK4(6) Thus, the growth phenotype of early passaged skin
kinase activity as well as S-phase entry by FACS analysis. Our fibroblasts in culture may serve as a surrogate markerpreliminary studies indicate that cultured skin fibroblasts from
for the growth phenotype of renal glomerular mesangialtype 1 diabetic patients with nephropathy have an enhanced
cells and/or vascular smooth muscle cells in vivo. In thispRB phosphorylation, cyclin D1 protein expression, and cyclin
D1/CDK4(6) kinase activity. This finding may become useful model, cell growth can be studied in vitro under a well-
to identify patients at risk for the development of nephropathy. controlled metabolic environment (for example, glu-
cose). The finding of an accelerated growth phenotype in
skin fibroblasts from IDDM patients with nephropathy
Recent studies by our laboratory have shown an in- could thus provide a useful tool in identifying patients
crease in the activity of Na1/H1 antiporter, as well as at risk for the development of nephropathy. We hypothe-
intrinsic growth abnormalities in cultured skin fibroblasts size that the cell hyperplasia in fibroblasts from IDDM
from patients with type 1 diabetes and nephropathy [1]. patients with nephropathy is due to enhanced S-phase
In insulin-dependent diabetes mellitus (IDDM) patients entry, perhaps as a result of overexpression of G1 regula-
with nephropathy (urinary albumin excretion rate more tory proteins (cyclins) [3]. To test this hypothesis, we
than 200 mg/min), DNA synthesis in cultured skin fibro- first examined the temporal profile of cyclin D1 (an early
blasts, as inferred from [3H]-thymidine incorporation, was G1-phase cyclin) and the phosphorylation of retinoblas-
significantly increased after 24 hours of exposure to serum toma protein (pRB) in response to serum stimulation in
(10% fetal calf serum; FCS) as compared with fibroblasts cultured skin fibroblasts from control subjects.
from diabetic patients without nephropathy (a urinary
albumin excretion of less than 20 mg/min) and age-
matched controls (Fig. 1). In fibroblasts from control sub- RESULTS
jects and IDDM patients with and without nephropathy, Initial studies were performed using cultured skin fi-
a time-dependent increase in protein synthesis in response broblasts obtained from punch skin biopsies from five
to serum stimulation was also observed based on [14C] L- control subjects. Cultured skin fibroblasts were made
leucine incorporation. However, there was no significant quiescent by serum deprivation for 48 hours. Synchroni-
difference in this parameter between the three groups. zation in the G0 phase of the cell cycle was confirmed
The findings of a higher rate of [3H]-thymidine incorpora- by FACS analysis. The cells were then stimulated to re-
tion but similar rates of [14C] L-leucine incorporation and enter the cell cycle by exposure to serum (10% FCS).
In cells from five control subjects, the percentage of cells
in the S phase increased from 2.5 to 12% after serumKey words: hyperplastic growth phenotype, glomerular mesangial cells,
cell growth, type 1 diabetes, nephropathy. stimulation for 18 hours, whereas the percentage of cells
in G0/G1 phase decreased from 91 to 76% (Fig. 2). These 1999 by the International Society of Nephrology
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Fig. 1. [3H]-thymidine incorporation per well
(A), and [14 C] leucine incorporation per well
(B), in fibroblasts from controls (s), IDDM
patients without nephropathy (d), and IDDM
patients with nephropathy (r) after 6, 12, and
24 hours of serum stimulation with 10% se-
rum. [3H]-thymidine incorporation and [14C]
leucine incorporation increased in the three
groups over time as determined by a two-way
analysis of variance: [3H]-thymidine incorpo-
ration P , 0.001, and [14C] leucine incorpora-
tion P , 0.001. From Lurbe et al [1]; used
with permission.
Fig. 3. Temporal profile of serum-induced cyclin D1 protein expression
in cultured skin fibroblasts from a control subject.
Fig. 2. Percentage increase in number of the cells in the S phase after Fig. 4. Temporal profile of serum-induced pRB phosphorylation.
serum stimulation based on FACS analysis in five control subjects.
slowly on protein gel electrophoresis than the active,
data indicate that skin fibroblasts enter S phase after 18 hypophosphorylated form (molecular weight 110 kDa).
hours of stimulation with 10% serum. A time-dependent increase in pRB phosphorylation was
To determine the time course induction of cyclin D1 apparent in cultured skin fibroblasts after 12 hours of
protein in normal skin fibroblasts, the abundance of serum stimulation (Fig. 4).
cyclin D1 protein was measured in early cultures of skin Cyclin D1-dependent kinase activity [cyclin D1/
fibroblasts rendered quiescent by serum starvation for CDK4(6)] was assessed by an immunoprecipitation assay
48 hours. The cells were then stimulated with 10% serum. using the cyclin D1 antibody DCS-11 with GST-pRB
Cyclin D1 was detected as a single band with a molecular protein as a substrate. As shown in Figure 5, a significant
weight of 36 kDa. Figure 3 shows a representative experi- increase in the abundance of cyclin D1-dependent kinase
ment. Cyclin D1 abundance was significantly increased activity was observed after 12 hours of serum stimulation,
(approximately 240%) in skin fibroblasts from five con- which peaked at 18 hours and then decreased after 24
trol subjects after six hours of serum stimulation (P , hours.
0.0005). Figure 6 summarizes the results of serum-induced
The temporal profile of pRB phosphorylation in cul- cyclin D1 protein expression and pRB phosphorylation
tured skin fibroblasts from a control subject is shown in in cultured skin fibroblasts from five control subjects.
Figure 4. The hyperphosphorylated form of pRB (molec- Each experiment was repeated three times. As shown
in Figure 6, cyclin D1 protein expression was significantlyular weight 115 kDa) is inactive and migrates more
Danesh et al: Marker for growth phenotype1284
Fig. 5. A representative experiment of the temporal profile of serum-
induced cyclin D1/CDK4(6) kinase activity.
increased after six hours of serum stimulation. The abun-
dance of cyclin D1 protein remained elevated during G1
phase of the cell cycle. The gradual phosphorylation of
pRB was evident after 12 hours of serum stimulation
and continued during the rest of the G1 phase.
DISCUSSION
Cell proliferation is ultimately controlled at the level
of the cell cycle by a number of nuclear proteins, which
are called cell-cycle regulatory proteins [3, 4]. These in-
clude G1/S-phase cyclins and cyclin-dependent kinases
(CDKs) that are necessary for G1/S transition and DNA
synthesis, as well as cyclin kinase inhibitors (CKI) that
arrest cell cycle and thereby limit cell proliferation [5].
The early G1-phase cyclins, the D-type cyclins, include
D1, D2, and D3 [3]. The D cyclins are independently
regulated, and they differ in their interaction with their
primary target pRB [3]. The D-type cyclins determine
the duration of G1 phase in human fibroblasts [6].
D-type cyclins and their CDK partners (CDK4,6) form
Fig. 6. Temporal profile of serum-induced cyclin D1 and pRB phos-complexes that then phosphorylate and inactivate pRB phorylation in skin fibroblasts from five control subjects. Asterisks
[7, 8]. In human fibroblasts, cyclin D1 is present as a denote a statistically significant change (P , 0.05).
soluble protein, yet a detergent-insoluble form has been
also found [3]. The overexpression of cyclin D1 shortens
the G1 phase of the cell cycle and enhances the progres- on characterizing the temporal profile of serum-induced
sion through G1 phase [3]. G1 cyclins and pRB phosphorylation in normal skin fi-
In quiescent cells, the pRB, which has been refer- broblasts. Our data indicate that cyclin D1 protein abun-
red to as the “gatekeeper” of the G1/S transition, is dance is significantly increased after six hours of serum
hypophosphorylated. In the hypophosphorylated state, stimulation in serum-induced cultured skin fibroblasts.
passage of the cell cycle through the G1/S phase is pre- Further, the abundance of cyclin D1 protein remains
vented. In its hyperphosphorylated form, pRB is inacti- elevated during the G1 phase of the cell cycle and ante-
vated, and the transition of cells through S phase is per- dates the phosphorylation of pRB, which is evident after
mitted. The progression of the cell cycle continues. 12 hours of serum stimulation and continues during the
Phosphorylation of pRB by cyclin-CDK complexes is rest of G1 phase. The cyclin D1-dependent kinase activ-
associated with the release of E2F (a transcription factor) ity [cyclin D1/CDK4(6)] is also increased after 12 hours
and consequent activation of the genes involved in DNA of serum stimulation.
synthesis [9]. Having characterized the temporal profile of serum-
We have previously shown that cultured skin fibro- induced S-phase entry and pRB phosphorylation in nor-
blasts in IDDM patients with nephropathy have a hyper- mal skin fibroblasts, we are now beginning to study the
plastic phenotype as compared with diabetics without temporal profile of the G1 phase cyclins in skin fibro-
nephropathy and age-matched controls [1]. We hypothe- blasts from diabetic patients with and without nephropa-
sized that this abnormal growth phenotype is due to an thy. Preliminary studies using fibroblasts from IDDM
patients with nephropathy indicate that these cells passenhanced S-phase entry. Thus, we initially concentrated
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